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(57) Abstract: The present invention is directed to a method for detecting a risk of gastric acid related disease in an individual 
based on assaying the analytes pepsinogen 1, fasting gastrin- 17 and a marker for Helicobacter pylori infection (Hp-marker), the 
method comprising selecting a cut-off value for pepsinogen I, fasting gastrin-17 and the Hp-marker, determining the concentration 
of pepsinogen I, fasting gastrin-17 and the concentration or presence of a Hp-marker in a sample from said individual, andcomparing 
the concentrations so determined with the selected cut-off values, whereby a pepsinogen I value at or above its respective cut-off 
value in combination with a Hp-marker value below its respective cut-off value and a fasting gaslrin-17 value at or below its cut-off 
is indicative of an increased risk of gastric acid-related disease in said individual. 
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METHOD FOR DETECTING A RISK OF ACID RELATED DISEASE IN AN 
INDIVIDUAL 

5 FIELD OF THE INVENTION 

The present invention is directed to a method for detecting a risk of gastric acid related 
disease in an individual, in particular, a method for detectmg a risk of gastro- 
esophageal reflux disease and Barrett's esophagus with associated risk of 

10 adenocarcinoma. The method can also be used in order to determine the risk for an 
mdividual to develop ulcers as a consequence of NSAID (non-steroidal anti- 
inflammatory drug) use, as well as a risk of developing esophageal disease after 
Helicobacter pylori eradication treatment. The method according to the invention is 
based on assaying the analytes pepsinogen I, a marker for Helicobacter pylori and 

15 fasting gastrin-17 from a sample, especially a serum sample, of said individual. 

BACKGROUND OF THE INVENTION 

Reflux disease is a condition that can be a consequence of the contents of the stomach 
20 rising, refluxing, into the esophagus. Specifically the term reflux disease is used when 
the said reflux phenomenom causes damage or an inflammation in the mucus of the 
esophagus, e.g. esophagatis. Typical symptoms of reflux disease are heartburns. 

A complication of extended reflux disease is a disease called Barrett's esophagus, a 
25 disease involving epithehal changes of various degrees in the esophagus. It is believed 
that reflux destroys the epithelium of the esophagus causing a condition that in turn 
involves an mcreased risk of adenocarcinoma of the esophagus. 

The stomach of an mdividual with a healthy, diat is a non-atrophic mucosa is acidic, 
30 normally at a pH of appr. 1 to 2. The acid excretion in the stomach is however tied to 
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the release of gastrin- 17, in that gastiin-17 stimulates the release of acid and an 
increase in the acidity of the stomach leads to a reduction of the release of gastrin- 17 
from antral G-cells (gastrin cells) in a feed back mechanism and control. This gastrin- 
17 is especially the gastrin-17 obtained at a basal or fasting situation, because the 
5 gastrin-17 which is measured after stimulation, such as after intake of a protein rich 
meal, increases, due to the neutralizing effect of tlie meal on the acidity of the 
stomach. 

The publication WO 96/15456, which is included herein for reference, discloses a 
10 method for screening for the risk of cancer by determining the concentration of the 
analytes pepsinogen I and gastrin-17 from a serum sample of a subject. According to 
the said publication, the so determined concentration values are then compared to a 
selected cut-off value and a reference value for each analyte and the results so obtained 
can be used to evaluate the presence and location of atrophy in the stomach and 
1 5 associated risk of cancer. 

According to an embodiment disclosed, the said tests may be combined with a test for 
Helicobacter pylori antibodies as well as a so-called protein stimulation test, according 
to which a blood sample is taken in the morning after fasting, whereafter the patient 
20 eats a protein-rich standard meal and blood samples are taken at 15 minute intervals 
for two hours. The maximal increase in gastrin-17 is evident after appr. 20 minutes. 

Helicobacter pylori is a spiral shaped, gram-negative bacterium which thrives in the 
mucus in the inunediate vicinity of the surface epithelial cells of the gastric mucosa 
25 and in the cell interstices. The bacterium apparendy is transmitted perorally from one 
person to the other. The effect of the bacterium on the gastric mucosa is an 
inflammation reaction, which is mediated over a complement by liberating strong 
inflammation mediator substances. After the acute stage, the inflammation is transfor- 
med into chronic gastritis. In patients suffering from chronic gastritis, La 70 to 90 % a 
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Helicobacter pylori infection can be established (Calam, J (1994) Helicobacter pylori 
(Review) Eur. J. Clin Invest 24: 501-510), 

Tlie WO-publication WO 00/67035, which is included herein for reference, discloses a 
5 method for assessing the risk of peptic ulcer by determining quantitatively the 

concentration of serum pepsinogen I and serum gastrin- 17 and comparing the obtained 
values to selected cut-off and reference values. The results so obtained makes it 
possible to evaluate a possible increased risk of peptic ulcer. 

10 Methods are known in the art for measurmg the concentrations of the various analytes, 
and there are also commercially available kits for this purpose. Some exemplatory 
methods for carrying out the said determinations are described in the WO-publication 
96/15456 as well. 

15 SUMMARY OF THE INVENTION 

According to the invention it has now been discovered that it is possible to detect a 
risk of gastric acid related diseases in an individual, by determining the analytes 
pepsinogen I, a marker for Helicobacter pylori infection and gastrin- 17, which is 

20 specifically gastrin- 17 obtained in a fasting situation. If it based on the pepsinogen I 
and Hp-marker determinations can be estabUshed that the said individual has a non- 
atrophic and non-gastritic (no H, pylori infection) mucosa of the stomach, i.e. the 
pepsmogen I value is above the cut-off value indicatmg a healthy corpus mucosa, and 
the individual does not have a Helicobacter pylori infection, for example by 

25 establishing a low Helicobacter pylori antibody titer, a low fasting gastrin-17 value is 
indicative of an over-acidic stomach and an increased risk for the individual to develop 
acid related disease, such as those referred to above. 

In the work leading up to the invention it could be established that a low fasting gastrin- 
30 17 (G-17fast) level in serum (<1 pmol/1) indicates a highly acidic stomach (acid output 
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is constantly high) which intragastric H"^ concentration inhibits the release of gastrin- 17 
from the antral gastrin cells in the stomach. Serum levels of gastrin- 17 is an indirect 
marker of the gastric acidity in subjects in whom the gastiic mucosa is normal and 
healthy, i.e. no Helicobacter pylori antibodies and serum pepsinogen I is normal 

5 

It has been established with tests that low fasting gastrin- 17 in serum indicates at least a 
2fold increase of the risk of acid related diseases, of which can be mentioned e.g., 
gastroesophageal reflux disease (including those with cardia ulcers and polyps), 
Barrett's esophagus, duodenal ulcer disease that is not related to Kpylori infection, and 
10 gastroesophageal reflux disease that develops after eradication of the Kpylori infection. 

Specifically the present invention is directed to a method for detecting a risk of gastric 
acid related disease in an individual based on assaying the analytes pepsinogen I, 
fasting gastrin- 17 and a marker for Helicobacter pylori infection (Hp-marker), the 
1 5 method comprising 

- determining the concentration of pepsinogen I, fasting gastriurl? and 
the concentration or presence of a Hp-marker in a sample from said 
individual, and 

- comparing the values so determined with a selected cut-off value for 
20 each analyte, whereby a pepsinogen I value at or above its respective 

cut-off value together with a Hp-marker value below its respective cut- 
off value in combination with a fasting gastrin-17 value at or below its 
respective cut-off, is indicative of an increased risk of gastric acid- 
related disease in said individual. 



25 



Thus the present invention provides a method which makes it possible to identify an 
individual with an increased risk to develop an acid related disease, such as those 
exemplified above, as well as risk of associated adenocarcinoma. 
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5 

The method as defined can thus be used as an indirect test for gastric acidity in an 
individual from a sample, such as a blood, serum or plasma sample. 

DETAILED DESCRIPTION OF THE INVENTION 

5 

According to the invention, the process of comparing the measured value to a cut-off 
value of an analyte is aimed at establishing if the measured value of the analyte is 
greater than, equal to or smaller than the respective cut-off value. 

10 In the context of the present invention, an individual or a subject means a mammal, 
such as a human, or an animal, such as a pet, e.g. a dog. 

The present invention thus includes in a first step a method for determining at least a 
Helicobacter pylori marker, pepsinogen I (PGI) and fasting gastrin- 17 in a sample 
1 5 from the individual to be tested. 



The marker or indicator for Helicobacter pylori infection can thus, according to the 
invention, be for example a Helicobacter pylori antibody, the value of wWch can be 
measured from a body fluid sample. Such a sample is advantageously a serum sample, 

20 but can also be a saliva, urine or lacrimal fluid sample, e.g. commercial kits being 
available for measuring the antibody value. The cut-off value for Helicobacter pylori 
antibodies can easily be determined by a person skilled in the art. In one embodiment 
of this invention we have used a value of 30 EIU as a cut-off for indicating the 
presence or absence of a Helicobacter pylori infection. Specific antibodies to 

25 Helicobacter pylori can also be measured using western blot. 

Another alternative is to evaluate the presence of a Helicobacter pylori infection by 
determining the presence of the antigen itself. Such measurement can for example be 
carried out on a stool sample from a patient, and assays, such as enzyme immuno- 
30 assays are commercially available for this purpose (cf. for example Lancet 1999; 354, 
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30-33). It is also possible to determine the presence of the antigen from the breath of a 
patient, using the well known techniques of measuring the carbon dioxide content, the 
formation of wliich from labeled urea is catalyzed by Helicobacter pylori bacteria, and 
systems for this assay are also commercially available (e.g. Heliprobe^^by Noster 
5 AB, Sweden). Another alternative is to determine the presence or absence of the 

antigen in a biopsy sample taken during endoscopy from the stomach of a patient. In 
this alternative the tests are either positive or negative for antigen, and a presence of 
antigen is taken as being indicative of a Helicobacter pylori infection. In the context of 
this invention, when the Hp-marker is the antigen itself, the test is positive or 
10 negative, and the cut-off for infection, being the border between these, can thus be 
considered to be zero, a positive test being indicative of presence of antigen and 
consequently the abnormal condition, and a negative test being a value below the cut- 
off for this marker. 

15 Pepsinogen and gastrin are preferably determmed from a body fluid sample, especially 
from a serum, plasma or whole blood sample, or from a urine, salivary, or lacrimal 
fluid sample. 

The method includes measuring the pepsinogen I analyte, but according to an 
20 embodiment of the invention it is also possible the measure, in addition, the 

concentration of the pepsinogen II analyte (PGII), and using the ratio PGI to PGII 
instead of PGI, or in addition thereto as the value to be compared to a predetermined 
cut-off value. Pepsinogen I and also the ratio of pepsinogen I to II tend to decrease 
linearly with worsening of the atrophy of the corpus mucosa. 

25 

In the method according to the invention a cut-off value for pepsinogen I is used, 
which is the normal cut-off value for differentiating between normal and atrophic 
corpus mucosa. According to one embodiment of the invention which has given 
reliable results, a cut-off value for serum or plasma pepsinogen I of ^ 50 jig/l has 
30 been used. This value is somewhat higher than an often used cut-off of 25 fxg/l and it 
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can be used in order to ensure that the individual tested certainly has a non-atrophic 
mucosa. The upper reference limit for serum or plasma pepsinogen 1 is of the order of 
130 |ig/l, whereby a value in the vicinity of or above the upper limit can be used as a 
confirmation of an increased risk of disease. However, a person skilled in the art can 
5 easily choose the cut-off value to be used for a specific situation and a specific 
population to be tested. 

Likewise, for gastrin, a cut-off value can be determined, and according to the 
invention fasting gastrin-17 is measured. According to one embodiment of the 
10 invention, a cut-off value of fasting gastrin-17 of _< 1 pmol/1 has been found suitable 
for most purposes. Such a value has also proven to be effective in providing a 
differentiation between individuals at risk and individuals not at risk for developing 
and acid related disease as defined above. 

15 The concept of cut-off values in assays involving the determination of analyte 
concentrations is well known to the person skilled in the art. The cut-off value 
generally means a value or a set of values chosen as a limit between the reference 
values (normal values) and the abnormal values for the test in question. Such cut-off 
values are method-specific and depend on the specifity and sensitivity chosen for the 

20 test method used for the determination of the analyte concentrations, see for example 
William J Marshall, Clinical Chemistry, Third Edition, 1995, Mosby. 

As mentioned earlier, the methods for measuring pepsmogen I, optionally pepsinogen 
II and gastrin-17 are well known in the art. The measurements are usually 
25 immunological methods, using mono- or polyclonal antibodies to the said analytes. 

The detection methods for use include, for example, measuring absorbance, 
fluoresence or luminescence. It is also possible to carry out all three analyte 
measurements simultaneously, for example on the same microplate, in different wells 
30 or in the same well thereon, which provides for an especially convenient method. 
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As mentioned earlier there are also commercial kits available for measuring the 
various analyte concentrations, such as the GastroPanel (Biohit Oyj, Helsinki, Finland) 
for measuring i.a. pepsinogen I, gastrin-17 md Helicobacter pylori antibodies from a 
blood sample. The measured data can then be assessed for example using software, 
5 such as the GastroSoft® software, which draws up a diagnosis and gives 

recommendation of further treatments based on the results obtained for the analyte 
concentrations. 

DETAILED DESCRIPTION OF THE DRAWING 

10 

In the drawing, 

Fig. 1 shows the level of fasting gastrin-17 for Barrett negative and Barrett positive 
patients with normal stomach. From the results it can be seen that of the Barrett 
positive patients, 55% had a fasting gastrin-17 value equal to or less than 1 pmol/1, 
15 whereas only 23 % of the Barrett negative patients had such a low gastrin-17 value. 
The difference is statistically significant. Thus the fasting gastrin-17 is a marker 
distuingishing individuals at risk from individuals not at risk for developing acid 
related disease in a group of individuals with normal stomach. 

20 Fig. 2 shows the level of fasting gastrin-17 for Barrett negative and Barrett positive 
patients with normal stomach, and 

Fig. 3 the corresponding levels for postprandial gastrin-17 (stimulated gastrin-17). It is 
evident that fasting gastrin-17 gives a statistically significant differentiation between 
25 Barrett negative and Barrett positive patients, whereas the same is not true for 
postprandial gastrin-17. 

Experimental tests 

30 The results shown in Figs 1 to 3 are based on the following tests. 
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The material tested consisted of 300 endoscopied patients with gasti"odyspepsia. They 
were prospectively collected and two groups of patients were formed. The cases 
composed of 15 patients with histologically and endoscopically verified classical long 
segment Barrett. Of these 1 1 had a normal and healthy gastric mucosa as defined by the 
5 absence of H.pylori gastritis {H.pylori IgG antibody titer <30 EKJ) and normal (>50 
^g/1) serum level of pepsinogen I. They also had normal gastric histology in 
endoscopical biopsies from antrum and corpus. The controls (126 patients) composed of 
patients without Barrett's esophagus and H.pylori antibodies and with normal seiiun 
pepsinogen I. These two groups (cases and controls) were compared. 

10 

The mean fasting level of amidated gastrin-17 (G-17fast) was significantly (P=0.045 
Mann-Whithey U test) lower in patients than in controls ( 4.016.1 pmol/1 vs. 2.QB.0 
pmol/1). On the other hand, no differences were between cases and controls in 
postprandial G-17 levels (G-17prand). Instead, the G-17 prand was slightly higher in 
15 Barrett-patients than in controls (15.7±18.2 pmol/1 vs 13.4±18.2), 

When the 1 pmol/1 was set to cut-off limit, 6 of the 1 1 Barrett patients (55%) had a G- 
17fast level below this cut-off whereas this prevalence was 29 of 126 (23%) among the 
controls (P<0.05; chi-square test). 

20 

There were, in addition, 5 patients with duodenal ulcer (DU) that occiured in association 
with a healthy, normal gastric mucosa (the etiology of ulcer in these patients is the usage 
of NSAIDs or aspirin, in addition to normal or high acid output). The serum level of G 
17fast in these 5 DU patients was extremely low (0.458dfl.431 pmol/1); i.e., 
25 signifiicantly lower than that in appropriate non-DU, non-Barrett controls. 



30 
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Claims 

1 . Method for detecting a risk of gastric acid related disease in an individual based on 
5 assaying the analytes pepsinogen I, fasting gastrin-17 and a marker for Helicobacter 

pylori infection (Hp-marker), the method comprising 

- determining the concentration of pepsinogen I, fasting gastrin-17 and 
the concentration or presence of a Hp-marker in a sample from said 
individual, and 

10 - comparing the values so determined with a selected cut-off value for 

each analyte, whereby a pepsinogen I value at or above its respective 
cut-off value together with a Hp-marker value below its respective cut- 
off value in combination with a fasting gastrin-17 value at or below its 
respective cut-off is indicative of an increased risk of gastric acid- 

1 5 related disease in said individual. 

2. The method according to claim 1, wherein the Helicobacter pylori marker is a 
Helicobacter pylori antibody, the concentration of which is measured from the sample. 

20 3. The method according to claim 1, wherein the Helicobacter pylori marker is the 
Helicobacter pylori antigen, the presence of which is determined in the sample. 

4. The method according to any one of the preceding claims, wherein, in addition, the 
stimulated gastrin-17 value (G-17st), is measured. 

25 

5. The method according to any one of the preceding claims, wherein, in addition, the 
concentration of the analyte pepsinogen II (PGII) is measured, and the ratio PGI/PGH 
is formed for comparison. 
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6. The method according to claim 2, wherein the analytes are measured from a body 
fluid, such as a serum, plasma, whole blood, urine, saliva or lacrimal fluid sample, 
especially a serum sample. 

5 7. The method according to any one of the preceding claims, wherein the gastric acid 
related disease is reflux disease or Barrett's esophagus. 
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